To determine the et1'ectiveness of high voltage pulsed current (HVPC) in reducing chronic hand edema, 120 individuals were randomly assigned to one of two treatment groups. Group I clients were given an appropriate sized wrist splint, incorporating an energized, high voltage pulsed unit. Group n clients were given an identical splint with a non-energized unit. Each client received daily treatments at the worksite consisting of 30 minute sessions totaling 20 treatments during a 35 day period. Pre-treatment and post-treatment evaluations included measurements of pain, grip strength, and edema volume; repetitive task testing; and Semmes-Weinstein MonoIDament sensery testing. In the energized group, post-treatment evaluation showed statisticallysignificantdecreases in the amount of stimulation required to stimulate the median nerve and the amount of hand edema and pain. The energized group also had improved repetitive task times. None of these improvements occurred in the non-energized group. Based on these results, HVPC appears to be an effective method for minimizing the severity of repetitive stress injuries of the wrist.
C umulative trauma disorders (CTD) are disorders of the soft tissue, most frequently of tendons and nerves, caused by repeated exertion and excessive movement of the involved area (Silverstein, 1986) . Both the incidence and costs of cumulative trauma disorders are increasing rapidly. Upper extremity CTDs are a major cause of lost time and workers' compensation claims for those involved in hand intensive occupational work (King, 1993) . Occupational risk factors such as repetition, extremes of motion, and forceful motion of the hand and wrist, as well as vibration or exposure, have been proven to cause ischemia and direct injury to the neurovascular structures Silverstein (1986) demonstrated that persons in high force and/or high repetition jobs had a 29% higher annual incidence of tendinitis than other groups in the industry performing low repetition and low force jobs. Repetition and force over a prolonged period of time cause micro tears, inflammation, and degeneration of tendons and ligaments and changes in the synovial fluid. Gelbennan (1988) found that pressure in the wrist increases according to position, and carpal tunnel pressures are elevated with change in position. These authors suggested that pressure may produce partial interference with nerve conduction. Their study supports the clinical impression that repetitive activities of the wrist can cause neural consequences such as edema, pain, decreased task time, and changes in nerve conduction studies. Sunderland (1978) suggested that vascular occlusion and intraneural microcirculatory impairment are significant in contributing to functional disturbances of a nerve. Thus, edema around a nerve due to use or overuse can cause symptoms at the worksite.
Elevation of the extremity is the most commonly used intervention for edema reduction. Other methods have included compression wrapping, contrast baths, elastic gloves, exercise, and intermittent pneumatic compression. HVPC has gained widespread use in the United States since the early 1970s. Although frequently used for edema reduction, pain reduction, and wound healing, no definitive clinical studies of its effectiveness have been reported in the literature.
In a study of clients with post-traumatic hand edema, Griffin (1990) compared the effectiveness of single treatment HVPC, intermittent pneumatic compression (IPC), and placebo treatments. It was found that both placebo-HVPC and IPC reduced edema more rapidly. Treatment with HVPC was easier to administer because the unit could be incorporated into a wrist splint, allowing treatment at the worksite.
The rationale for further use of HVPC in edema reduction is that edema is due to physiologic disruption of blood vessels. HVPC is used to move fluid from that area. Therefore, when negative polarity repels negatively charged cells and protein, a fluid shift occurs (Newton, 1984) . No adverse effects of HVPC have been reported, but some clients may be uncomfortable with the sensation of the gentle electrical current.
The purpose of the study was to determine if HVPC incorporated into a brace was effective in reducing the symptoms of CTD.
MATERIALS AND METHODS
The study protocol was approved by the institutional review of the authors' facility. Clients signed written informed consents. Because the global terms "repetitive stress injury" and "cumulative trauma disorders" are often used without specific tissue references, clients were entered into the study without a specific diagnosis. All individuals entering the study had hand and wrist symptoms without specific reference to the exact tissue involved. Symptoms included pain, swelling, tenderness to pressure, clumsiness in doing a task, delayed task time, and symptoms that would awaken them at night. All employees met the inclusion criteria.
Setting
The study was conducted in a large county government facility in which the sample population performed data processing tasks for approximately 8 hours each day. The total work force included 1,800 individuals, but only 200 individuals on four floors were tested because of time constraints. Data processors were chosen for the sample because workers using a keyboard are historically at risk for repetitive stress injuries such as carpal tunnel syndrome (King, 1993; Millender, 1996; Silverstein, 1986 ).
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Sample
One hundred twenty clients with symptoms of wrist and hand pain without surgical intervention were randomly assigned to one of the two groups. Random assignment was performed by odd and even number distribution. Group I, the energized group, consisted of 42 females and 18 males. Group II, the non-energized group, also consisted of 42 females and 18 males. A total of 141 clients entered the study. Twenty-one were excluded because of job transfers or missing treatment sessions.
Procedure
Once the clients met the inclusion criteria and signed the informed consent documents, pre-treatment measurements were made including: • the visual analog scale (VAS) for pain, • volumetric measurements for edema, • Semmes-Weinstein sensory monofilament testing (Gelberman, 1988 ), • nerve pace testing of only the motor branch of the median nerve, • range of motion measurements, • repetitive task testing, and • grip strength using the dynamometer.
The VAS is a standard tool used to quantitate pain and consists of a line 10 em long with one end labeled as extreme pain and the other end labeled no pain. The participants were asked to indicate their pain on the scale before and after treatment.
Edema was measured using volumetric measurements, in which water displacement was measured with consistent placement of the volume meter and careful filling of the tank, along with standardized instructions to increase the instrument's accuracy. One area of concern was volumetric measurement of individuals with symptoms of edema but without volumetric change. Perivascular edema may occur due to the neural consequences of repetitive activity. Volumetric measurements would not be accurate in determining this. Although computerized tomography scanning would have identified perivascular edema, this test was ruled out for the study because of cost.
Once the pre-treatment measurements were completed, each client was fitted with an appropriate sized wrist splint into which a high voltage stimulator was built. In Group I, the high-voltage pulsed direct current was energized; in Group II, it was non-energized. The clinical high voltage pulsed current units were provided by a company. The specifications for this particular unit were twin peak monophasic wave form with fixed interpulsed interval of 100 microseconds, pulse rate at 100 pulses per second.
All clients received 30 minute stimulation sessions at their worksite during 20 visits over a 35 day period (Figure) . None received treatment during the weekend. All clients were treated between the hours of 11:00 a.m. and 2:00 p.m. at their lunch break or morning or afternoon break. Monitoring for compliance was conducted by the same monitor (CT) during the 30 minute treatment session. The monitor (CT) did not know into which group the individuals had been assigned. This was accomplished by having the light on all units come on when the units were turned on, so both the therapist and the client were unaware of whether the client was wearing an energized or non-energized unit.
Clients were told that they mayor may not feel a stimulation from the unit, but they would need to keep the unit on for 30 minute sessions at their worksite. They were reminded that the brace should be comfortable on the hand and not too tight. This was checked by the monitor (Cf). Once the 20 visits were completed, the individual then had the same measurements taken as were obtained before treatment. All treatments and experimental interventions were documented in the client data booklets.
After the 20th visit post-treatment, measurements were made for each client in the same succession and manner as the pre-treatment measurements: VAS, volumetric measurements, Semmes-Weinstein testing, nerve pace measurements, range of motion, repetitive task activities, followed by grip testing.
Instruments
Sensibility testing was performed with Semmes-Weinstein sensory monofilament. Gelberman (1988) described paresthesia in the median nerve distribution as an early symptom of CID and noted that Semmes-Weinstein monofilament testing correlated well with subsequent sensory impairment. As the guideline threshold, 2.83 monofilament testing was used. For neural sensibility, a sensibility threshold below 2.83 monofilaments has been described as showing compression neuropathies as well as latency difficulties (Bal-Krotoski, 1987) .
The Nerve Pace electroneurometer was used to measure motor latency values of the median nerve. This unit has a reported clinical efficacy with a sensitivity of 85.7% and a specificity of 87.5% in a research study (Beckenbaugh, 1995) . This particular study showed a positive correlation with EMG studies. Even though clients in the study didnot have a specific diagnosis, the decision was made to measure the median nerve. Motor nerve conduction studies evaluated the conduction of a propagated nerve impulse from the most proximal portion of the anterior division of the nerve and distally due to neuromuscular junction resulting in contraction of the muscle.
The skin was cleaned with alcohol before electrode placement. For distal motor latency measurement, one electrode was placed over the abductor pollicis brevis muscle and a second electrode on the palmar radial aspect of the thumb. The intensity of the stimulus was increased gradually until five consecutive readings not varying by more than 0.2 ms at the measurement sites were recorded. The five readings were averaged to obtain the fmal mean value of the distal motor latency (Atroshi , 1996) .
Repetitive task activity was performed using a checker board with holes cut out; the individual was timed putting all the checkers in the board and taking them back out. The grip strength was performed according to the standard protocol recommended by the American Society of Hand Therapy (Mathlowitz, 1986) . Retest measurements included lateral key punch and the three jaw chuck or tripod pinch. Standard positioning MAY 1998, VOL. 46, NO.5 Figure: Client wearing the wrist splint, which Inlcudes electrical circuit, during stimulation session at the workslte. and table height also were used (McDermid, 1994) .
RESULTS
Statistical analysis showed a significant difference between pre-and post-treatment values for subjects in the energized group but not in the non-energized group. The mean amount of median nerve stimulation in the energized group was significantly reduced (from pre-to posttreatment). The non-energized group pre-and post-treatment values were not significantly different. Clients using the energized wrist splint showed a significant reduction (p < .05) in the amount of stimulation needed for median nerve motor function compared to those wearing the nonenergized splint.
Slowed motor latency is often an indicator of nerve compression, and this may have been due to edema following activities of the wrist (Gelberman, 1988) . Nerve compression not only causes increased pain, but also impedes the time it takes to perform task activities. Gel-.berman (1988) found that pressure around the nerve may produce partial interference of nerve conduction. This study supports the clinical impression that swelling can cause neural consequences such as pain, decreased task time, and changes in nerve conduction studies.
A significant difference existed in volumetric measurements from pre-and post-treatment for the energized group. Post-treatment measurement was significantly smaller (p < .049). The non-energized post-treatment values were not significantly different from pre-treatment values. These measurements, before and after treatment, suggest that the energized clients may indeed have reduced swelling in the affected area. This is important, as reduction of compression around the nerve allows individuals to perform tasks at their normal rate. The energized clients 
What Difference Does
This Make?
Nurses at the worksite are often the first health care professionals to treat these injuries, and their treatment decisions greatly affect the final outcome.
Early intervention with HVPC can be conducted easily at the workplace and may reduce the severity of repetitive stress injuries, which also could decrease workers' compensation costs and time lost from the workplace.
Statistically significant at p < .OSlevel
Post-treatment grip strength and visual analog scales were unchanged from pre-treatment values. had a significantly reduced task time post-treatment compared to pre treatment (p < 0.001). The non-energized group's repetitive task time did not change significantly (p < 0.228) from pre-and post-treatments (see Table) .
Improved task time for the energized group provides further evidence for the efficacy of using an energized system. A reduced task time indicates that the client can perform the work activity with a higher degree of productivity since the symptoms had decreased. No statistical difference in the Semmes-Weinstein monofilament testing and no changes in range of motion were found between pre-and post-treatment values in either group.
The visual analog scale was lower post-treatment than pre-treatment for energized clients. Virtually no difference occurred in the non-energized clients.
CONCLUSION
This study showed significant functional improvements in repetitive task time, reductions in edema, and decreased median nerve responses in clients using the energized HVPC unit and an appropriate sized wrist splint, and indicates that this treatment method could be effective in controlling symptoms of repetitive stress injuries at the worksite. A decrease of clinical symptoms correlating with improved repetitive task time was demonstrated by clients in the experimental group, but was not demonstrated by the non-energized control group.
As more and more workers are spending long hours at keyboarding activities, the frequency of repetitive stress injuries to the upper extremity is escalating. The rising cost of treating soft tissue injuries of the wrist and hand, not only in health care expense but also in days missed from work, are concerns for both employers and health care professionals.
HYPC can be used at the worksite relatively inexpensively and with little disruption of the worker's routine. The demonstrated reductions in edema and pain could reduce treatment costs as well as the number of days lost from productivity. Additional interventions could include job rotations, stretch breaks, and proper instructions about 236 healthy habits and the advantages of cardiovascular fitness.
The limitation of this study is that clients were seen over a 30 day period and there was no absolute control, other than being instructed to do no more than their usual activities. Inevitably, some variables may not have been controlled. An avenue to pursue in another study would be to follow these clients at varying intervals to review their signs and symptoms. Because of the difficulty in obtaining the exact diagnosis and classification, one particular entity was not chosen. A suggestion for future study is to select a particular entrapment syndrome and observe the effects of this treatment at the worksite.
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